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© Method of forming a film pattern on a substrate. 



© A film pattern of a desired material is formed on a substrate by a step of forming a pattern of powder of 
inorganic material on the substrate, a step of forming at least a single layer of film of desired material on the 
substrate on which the pattern of the powder of inorganic material is formed so that a part of the film of the 
desired material is formed on at least a part of the pattern of the powder of inorganic material, and a step of 
removing the pattern film of the powder of inorganic material together with a part of the film of the desired 
material formed thereon. 
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Method of forming a Him pattern on a substrate 

The present invention relates to a method of forming a film pattern on a substrate, and a pane! 
substrate used in display panel such as liquid crystal. 

in panel substrates or the like having light-transparent electrodes to be used in printed circuit board, 
integrated circuit, liquid crystal display panel or the like, many methods are known and practically used for 
5 forming a conductive film in a desired pattern. The most widely known method is the process by 
photolithograph technology and chemical etching. According to this method, a conductive film is formed on 
a substrate on which a pattern is to be formed, and a photosensitive resin (photoresist) film is formed on 
this conductive film. This photoresist film is disposed with light through a photomask in a predetermined 
par.em. The photoresist in the disposed area is made insoluble in solvent, and the soluble part is removed 
io by solvent Afterwards, the film is etched by chemicals to obtain the predetermined pattern. This method is 
hign .n ofec sicn. and is capable of forming a pattern in a considerably large film thickness. 

One z>i tne other methods is the lift-off method by using photoresist. In this method, same as in the 
foregoing '^et^od the photoresist film is formed in a pattern, but what is different is that the photoresist film 
is formec m a or eoe>if mined pattern on the substrate in the first place. Later, a film of a desired material is 
T5 disposes, ano the r.soiubie photoresist pattern is dissolved and removed together with the film of desired 
material Tnereon o/ .j-ng other chemicals. To make lift-off easy, ultrasonic energy or other mechanical 
force ma,- be csed sometimes auxiliarily. This method is also employed widely. 

In the method ot form.ng a resist film pattern, the process of making use of printing is also known in the 
fabrication o« printed circuit board. A method of directly cutting off the film on the substrate mechanically is 
20 also known. Or a method cf destroying the film by laser and forming a pattern is known, too. 

In sucn pattern forming methods, there are their own demerits. In the method using photoresist., the 
photoresist oattern forming step is complicated and troublesome. The step is very long including application 
of uniform photoresist film, prebaking, exposure, development, postbaking and others, and the condition 
setting is difficult anc unstable, and many expensive chemicals are needed. Besides, a huge equipment and 
25 an enormous cost are required for treatment of the spent chemicals. In addition, many expensive facilities 
are used in each step. Moreover, in the etching step using chemicals, there are many problems in the 
control of process conditions, waste liquid treatment, facility cost and others. In the lift-off method, although 
the etching step is not needed, a heat treatment for enhancing the adhesion strength of the film to the 
substrate after forming the film cannot be done sufficiently because of the heat resistance of the resin and 
30 fixing. The method of cutting off the film mechanically is handy, but the substrate itself will be injured, and 
the precision is poor, and it may be applied only in a limited range of products. The laser method has its 
own problems in low machining speed and poor linearity of the cut section. 

It is hence a primary object of the present invention to present a method of forming a panel substrate 
having various film patterns to be easily used in liquid crystal display device or the like and a panel 
35 substrate by solving the above-discussed problems. 

In one method of the present invention, a pattern film containing powder of inorganic material is formed 
on the substrate, and a film of a desired material is formed in one layer or multiple layers on the entire 
surface of the pattern film, or in a part by masking, and the film of the desired material is removed together 
with the pattern film containing the powder of inorganic material mechanically, thereby forming a predeter- 
40 mined pattern. 

In another method of the present invention, a pattern containing powder of inorganic material and binder 
is formed on the substrate, and a film of a desired material is formed on the entire surface, and then it is 
heated to burn out and eliminate the binder to make feeble mechanically, thereby making it easier to 
remove mechanically in the subsequent process. 
45 In still another method of the present invention, a pattern containing powder of inorganic material is 

formed by mechanically drawing or scratching. Accordingly, the precision of the pattern is improved from 
that of printing. 

In further another method of the invention, after forming a pattern film containing powder of inorganic 
material by printing or other method, it is baked to burn and eliminate the binder and other undesired 
so material to leave the pattern almost made of powder of inorganic material alone, and then a film of a 
desired material is formed thereon. Accordingly, in a subsequent mechanical removing process, only by 
lightly wiping the substrate surface, the film of desired material may be formed in a desired pattern. 

According to the present invention, thus, since the pattern containing powder of inorganic material is 
formed on the substrate, there is no limitation to the temperature and atmosphere for forming the film of 
desired material thereon subsequently, and moreover the pattern of the powder of inorganic material itself is 
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mechanically weaker than the strength of the film of the desired material to be formed later, so that the film 
of the desired material may be finished in a desired pattern by a simple step of wiping off lightly and 
brushing. 

Therefore, the yield is higher than in the conventional photolithographic process. The process is 
5 extremely shorter as compared with the conventional pattern forming method, and expensive chemicals and 
facilities are not needed. Pollutant waste liquids are not discharged, and the treating equipment is not 
necessary. Therefore, the manufacturing cost is lowered. 

Fig. 1 is a drawing for explaining the principle of the pattern forming method of the present invention. 
Fig. 2 is a explanatory drawing of an embodiment for forming a pattern film containing powder of 
to inorganic material. 

Referring now to the drawings, the pattern forming method and the panel substrate fabricating method 
of the present invention are described in detail below. 

Fig. 1 shows the principle of pattern forming method of the present invention. In Fig. 1 a), numeral 101 
js a substrate made of ceramic, glass, metal or the like. 

'5 Numeral 102 is a film containing powder of inorganic material. As evident from the principle of pattern 

forming, the inorganic material can be used in a wide selection. It may be selected so as to be suited to the 
subsequent film forming process (vapor deposition, CVD. sputtering deposition, etc.). For example, when 
exposed to high temperature during film forming process, the material must withstand such temperature. 
Graphite is a material suited to the pattern forming method of the invention in every respect. 

co Carbon, titanium oxide, alumina, zinc oxide, zinc sulfide and almost all inorganic powder materials may 

be used. The content of the powder of inorganic material in the film 102 may be large to weaken the 
mecnanical strength. But if the film 102 in too weak, the pattern in the process may be broken, and hence it 
may De determined in relation with the strength of the film of the desired material. The particle size of the 
powder is preferably smaller because it is excellent in the precision of pattern and adhesion to the 

25 suostrate. When the particle size is 5 u or less, favorable results are often obtained in respect of adhesion. 

When the film containing powder of inorganic material contains an organic matter as the binder, it may 
be heated before fitting the film to decompose and burn out the organic matter. When forming a film in 
vacuum, gas may be generated from the organic matter and film of good quality may not be obtained. In 
such a case, when the film is heated beforehand, an excellent film may be obtained. 

30 In Fig. 1 b). part of the film containing the powder of inorganic material is removed. Numeral 103 

represents the removed portion, and many methods are applicable for partially removing the film 102 
containing powder of inorganic material. The simplest and direct method is the mechanical chipping 
method. It is possible to remove by chemical etching after forming a photoresist film by photolithography or 
printing, or finish the film containing the powder of inorganic material to a predetermined pattern by 

35 brushing, by making use of the difference in the mechanical strength between the photoresist portion and 
the film containing the powder of inorganic material. Relating to this final method, an example is explained 
later by referring to Fig. 2. It is also possible to form pattern by directly printing an ink containing the 
powder of inorganic material on the substrate. In the present invention, as shown in Fig. 1 b), the pattern 
film containing powder of inorganic material is formed. 

40 In Fig. 1 c). a film 104 of desired material is formed on the entire surface of the pattern film. The 

material of the film 104 may be either metal or semiconductor or insulator. The forming method may be any 
one of the conventional processes such as vapor deposition, plating, CVD and sputtering deposition. A 
chemical mist is sprayed to the substrate heated to a high temperature to induce chemical reaction on the 
substrate surface, and the film of desired material is formed (which is called mist spray method hereinafter). 

4S The mist spray method is widely used in forming films of tin oxide and indium oxide. 

In Fig. 1 d), after forming the film of desired material, the surface is brushed with a rotary brush 105 to 
form a pattern of the film of desired material. The film containing the pattern of powder of inorganic material 
is mechanically weak, and it is removed together with the film of the desired material. Numeral 106 is a film 
of desired material left over in a predetermined pattern, which is strong mechanically and is not removed 

so because there is no film containing powder of inorganic material between the film of the desired material 
and the substrate. In the brushing step, the means of brushing is not limited to such a brush as the rotary 
brush 105. What must be noted here is that the mechanical strength of the film of the desired material 
should be greater than the film containing the powder of inorganic material. In other words the film 
containing the powder of inorganic material may be made mechanically weaker. Needless to say, it is also 

55 effective to regulate the strength of mechanical removal so as not to injure the film of the desired material. 
For example, after forming film in Fig. 1 c), heat treatment is effected (by exposing to high temperature) to 
strengthen the film of the desired material, and the film containing the powder of inorganic material may be 
made mechanically weaker. In view of this, some examples are shown below. 
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Fig. 1 explains the aspect of the present invention by presenting an example of process, however, the 
present invention is not limited to this process alone. 

It is also possible to repeat the same step several times to laminate films of different patterns and 
materials. Still more, it is also possible to form part of the pattern of the film containing powder of inorganic 
5 material by masking when forming the film of the desired material to dispose the film of desired material in 
part of the pattern. Besides, by laminating films of different materials on the pattern film containing powder 
of inorganic material, it is possible to form patterns of plural layers by a single mechanical removal step. 

Fig. 2 is an explanatory drawing of a different patterning method of the film containing powder of 
inorganic material. Fig. 2 a), like Fig. 1 a), shows an aspect of forming the film 102 containing powder of 
io inorganic material on the surface of a substrate 101. Fig. 2 b) denotes an appearance of printing a patterned 
film 201 on the film containing powder of inorganic material. This film 201 is a photoresist film being dried 
after being printed greater in the mechanical strength than the film containing the powder of inorganic 
material. Fig. 2 c) shows the removal of the mechanically weak portion free from the photoresist on the film 
containing the powder of inorganic matenal by rubbing the surface of the sample thus prepared mechani- 
cs cally by using a brush 202. Fig. 2 d) represents the state of dissolving and removing, the photoresist film by 
a solvent. 

When a resin easy m thermal decomposition is used as the photoresist film or as an ink containing 
powder of inorganic material having such resin as the binder, by heating up to the decomposition 
temperature of the resin after printing, the photoresist film may be removed, or only the remains of the 
20 powder of inorganic material weak in the mechanical strength may be left over. At this time, it is preferable 
that the film containing the powder of inorganic material as the lower layer be weaker mechanically, too. 
This is because the powder of inorganic material is vitreous, and when it is melted and sintered by heating 
to be rigid, it may be stronger than the strength of the film of the desired material to be deposited next, so 
that mechanical removal is prohibited. 

25 

Example 1 

AQUADAG (trademark of NIHON ACHISON Co., Ltd.; a dispersant of graphite) was applied on a glass 
30 substrate by means of wire bar. and was dried, so that a film of about 1 u in thickness containing powder of 
inorganic material was obtained. This film was scratched by using a pin of 100 u in diameter. The edge of 
the drawn line was favorable, being not inferior to the pattern by photolithography. When the graphic film 
was scratched by a cutter knife, a line width of about 1 5 a was realized. It was also possible to leave a 
graphite line of 15 a in width. 
35 On thus prepared sample, a tin oxide film of about 1000 A in thickness was formed on the entire 
surface by mist spray method. The heating temperature of the substrate was 570*0. After cooling, the 
sample surface was rubbed with a soft paper soaked with FOAMING (trademark of KAO Co.. Ltd.; a kitchen 
detergent), and the tin oxide film was peeled off together with the graphite film, and the tin oxide film of the 
same pattern as drawn on the glass substrate was obtained. 

40 

Example 2 

Instead of the tin oxide used as the film of desired material in Example 1 . a chrome film was disposed 
45 in a thickness of about 3000 A by sputtering deposition. This sample was heated to 450 * C. cooled, and 
wiped with a wet gauze soaked in water, and the same pattern as drawn on the chrome film was left over. 
After heating to 450* C, the graphite film was extremely lowered in mechanical strength. 



so Example 3 

Instead of the film of desired material used in Example 1 , an aluminum film was evaporated to obtain a 
sample. After letting stand for a week in air at room temperature, the sample surface was rubbed against 
with a soft paper coated with a paste of green Alundum of abrasive grain size of #4000 and water. In 
55 consequence, an aluminum film in the same pattern £s the drawn pattern was obtained. Right after 
deposition of aluminum, when the similar treatment was given, the aluminum corroded, and the pattern was 
deformed. 

At the time of vapor deposition, by masking partly instead of treating the whole surface, it was also 
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possible to form an aluminum deposition film in part of the drawn pattern. 



Example 4 

instead of the tin oxide used in Example 1. indium oxide was formed by mist spray method. By treating 
otherwise similarly, a pattern of indium oxide film was formed. 



io Example 5 

A Graphite film pattern was formed by photolithograph technology. This method is generally known as 
the method of Zing the b.acK matrix in the anode of the cathode ray tube ^^^^^ 
known as the lift-off method. In thus obtained sample, a tin ox.de film was formed as a t^ ns P^ nt 
,s conduct film by the mist spray method same as in Example 1. and the same treatment as ,n Example 1 
wa* nivpn As a result the tin oxide film was left over in the graphite-free portion. 

After lln^de Him. nickel was partly formed in a fi.m thickness of about 5 u by chem.cal 

and a film pattern consisting of tin oxide and nickel layers was obtained. 

20 
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Example 6 

A graphite fi.m was formed on a glass substrate, and the resist ink of the following composition was 
coated in pattern by gravure printing to obtain a sample. 



Carbon powder MONARK 880 (CABOT Co.. Ltd.) 

IBM 7 (acrylic resin prepared by Sekisui Plastics Co., Ltd.) 

n-Butyl carbitol acetate 

a-Terpineol 
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After drying the surface was rubbed against with a wet paper soaked in #4000 green AJundum. The 
portion of tTpr, Id resist ink was left over, white the other parts were rid of the graphrte and the j 
was exposed. Furthermore, the surface photoresist fi.m was dissolved and removed by usm toluene, and a 
tin oxide film was formed in about 3000 A by CVD. The substrate tennperature .^^^^^^^ 
300 -C This sample surface was polished with a soft paper soaked .n JIFU (a detergent, trademark of 
Nihon Liver Co.. Ltd.). and a tin oxide film in a desired pattern was obtained. 



Example 7 



An ink composed of Graphite GP-60S (Hitachi Powder Metallurgy Co.. ^6 g. IBM 7 (aery 
<s prepared by Sekisui Plastics Co.. Ltd.): 30 g. n-Butyicarbito. acetate: 50 g Unseed o.L 6 ; o jvas Erectly 
screen-printed on alumina. This sample was heated to 450 C. At tbis t,me. the resin component^ af the ink 
was bum out. and only the mechanically weak pattern of graphite powder was .eft over, but th* graphite 
was no easily peeled by impact un.ess direct.y touched. On its surface, an aluminum film was evapo rated 
Z 1 tWckness of about 1000 A. This sample surface was wiped, with a doth soaked ,n water. As a result an 
50 aluminum film pattern was obtained. 
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Example 8 



The ink in the same composition as in Example 7 was directly screen-prmted on the glass in i the 
segment type pattern for liquid crystal display. On its surface, a tin oxide film was ormed ,n a thickness of 
about 1000 A by mist spray method, and it was polished with a piece of gauze containing water mixed with 
#4000 green Alundum. As a result, a practical panel substrate for liquid crystal display was obtamed. 
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Example 9 

An ink composed of powder of titanium dioxide; 10 g. IBM 7 (acrylic resin prepared by Sekisui Plastics 
Co.. Ltd.); 15 g. n-Butyl carbitol acetate: 25 g was screen-printed on a glass. On its surface, tin oxide was 
s formed in a thickness of about 1000 A by mist spray method. Afterwards, by brushing, the powder of 
titanium dioxide was removed, and a tin oxide film pattern was left over. 



Example 10 

•o 

Using an ink composed of powder of alumina; 10 g. IBM 7 (acrylic resin prepared by Sekisui Plastics 
Co.. Ltd.); 15 g. n-Butyl carbitol acetate; 25 g the same treatment as in Example 9 was effected, and similar 
results were obtained. 



Example 1 1 

Using an ink composed of powder of zinc oxide; 10 g. IBM 7 (acrylic resin prepared by Sekisui Plastics 
Co . Ltd.): 15 g. n-Butyl carbitol acetate; 25 g the same treatment as in Example 9 was effected, and similar 
'esults were obtained. 

E/ampie 12 

Using an ink composed of powder of zirconium oxide; 10 g. IBM 7 (acrylic resin prepared by Sekisui 
P'ast:cs Co.. Ltd.): 15 g. n-Butyl carbitol acetate: 25 g the same treatment as in Example 8 was effected, 
anc similar results were obtained. 



30 Example 13 

Using an ink composed of powder of magnesium oxide; 10 g, IBM 7 (acrylic resin prepared by Sekisui 
Plastics Co.. Ltd.); 15 g. n-Butyl carbitol acetate; 25 g the same treatment as in Example 9 was effected, 
and similar results were obtained. 

35 

Claims 

1 . A pattern forming method comprising: 

-o a step of forming a pattern of powder of inorganic material on a substrate. 

a step of forming at least one layer of a film of a desired material on the substrate on which the pattern of 
the powder of inorganic material so that a part of the film of the desired material is formed on at least a part 
of the pattern of the powder of inorganic material, and 

a step of mechanically removing the pattern of the powder of inorganic material together with the part of the 
-*5 film of the desired material formed thereon. 

2. A pattern forming method according to claim 1, wherein a film of the powder of inorganic material 
uniformly formed on the substrate is mechanically chipped off to form the pattern of the powder of inorganic 
material. 

3. A pattern forming method according to claim 1, wherein a pattern of a resist containing a resin 
so component is formed on a film of the powder of inorganic material uniformly formed on the substrate, and 

the other portion than the resist is mechanically chipped off, and the resist is removed to form the pattern of 
the powder of inorganic material. 

4. A pattern forming method according to claim 1. wherein a pattern is printed on the substrate by using 
an ink comprising powder of inorganic material and resin component, and the resin component is burnt out 

55 by heating, thereby forming the pattern of the powder of inorganic material. 

5. A pattern forming method according to claim 1. wherein the powder of inorganic material is graphite. 

6. A oattern forming method comprising: 

a step of forming a pattern of a material comprising powder of inorganic material and resin binder on a 
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substrate a step of forming a film of a desired material on the substrate on which sa.d pattern ,s formed so 

that a part of the film of the desired material is formed on the entire surface of the pattern. 

a step of heating to remove the resin binder to make the pattern into a pattern of powder of morgamc 

a step* mechanically removing the pattern of the powder of inorganic materia, together with the part of the 
film of the desired material formed thereon. . 

7 A pattern forming method according to claim 6. wherein a film of the matenal compns.ng the powder 
of inorganic material and the resin binder uniformly formed on the substrate is mechan.cal.y ch.pped off to 
form the pattern of the material comprising the powder of inorganic material and the res.n binder 

8 A pattern forming method according to claim 6. wherein a pattern of a res,st conta.n,ng a res.n 
component is formed on a film of the powder of inorganic material uniformly formed on the substrate^ and 
the other portion than the resist is mechanically chipped off. and the resist ,s removed to form the pattern 
containina the powder of inorganic material. 

9 A pattern forming method according to claim 6. wherein a pattern is printed on the substrate by us.ng 
an ink comprising the powder of inorganic materia, and the resin binder to form the pattern composed of 
the powder of inorganic materia, and the resin binder, and the resin component .s burnt out by heatmg. 
thereby forming the pattern containing the powder of inorganic material. 

10 A pattern forming method according to claim 6. wherein the powder of morgan.c matenal ,s 

graphite. 

2 o 1 1 . A panel substrate fabricating method comprising: 
a steo of forminq a qraphite film on a substrate, 

a step of mecha 9 n,ca 9 ..y removing a part of the graphite film to form a predetermined pattern of the graph.te 
film 
a 



a step of forming a light-transparent conductive film on an entire surface of the substrate on wh.ch the 
J5 predetermined pattern of the graphite fi.m ,s formed so that a part of the .ight-transparent conducive Mm .s 
formed on the predetermined pattern of the graphite film, and 

a step of brushing the entire surface of the substrate with abrasive grains to remove the graph.te film 
together with the part of the light-transparent conductive film formed thereon, thereby form.ng a l.ght- 
transparent conductive film in a predetermined pattern. 

30 12. A panel substrate fabricating method according to claim 1 1 . wherein the l.ght-transparent conducive 

fi.m is formed by mist spray method. 

1 3 A panel substrate fabricating method comprising: 
a step of forming a pattern of a film containing graphite on a substrate by printing ... 
a step of forming a light-transparent conductive film on the entire surface of the substrate on wh.ch the 

35 pattern of the film containing graphite is formed, and 

a step of brushing the entire surface of the substrate with abrasive grains to remove the graph.te f.lm 
together with a part of the light-transparent conductive film formed thereon, thereby form.ng a l.ght- 
transparent conductive film in a predetermined pattern. „„„h.,^,w 0 

14. A panel substrate fabricating method according to claim 13. where.n the l.ght-transparent conducive 

40 film is formed by mist spray method. 

15. A panel substrate manufacturing method comprising: 

a step of printing a pattern of a film containing graphite on a substrate, and heating. 

a step of forming a light-transparent conductive film on the entire surface of the substrate on which the 
pattern of the film containing graphite is formed, and a step of brushing the ent.re surface of the substrate 
.s with abrasive grains to remove the graphite film together with a part of the light-transparent conducive film 
formed thereon, thereby forming a light-transparent conductive film in a predetermined pattern. 

16. A panel substrate fabricating method according to claim 15. wherein the light-transparent conductive 
film is formed by mist spray method. 



so 
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